Objectives: Completeness and timeliness are key attributes of accurate disease surveillance. This study aimed to evaluate the completeness and timeliness of tuberculosis (TB) notification in the Republic of Korea, by comparing notification data from the Korean National Tuberculosis Surveillance System and reimbursement data from the National Health Insurance. Methods: We evaluated reimbursement data from 103,075 cases (2012e2014) and surveillance data from 215,055 cases (2011e2015); cases were matched using Resident Registration Numbers. Completeness was evaluated using notifications that were reported within 365 days of the corresponding insurance claim. Timeliness was evaluated using the delay between starting TB treatment and the corresponding notification. Multivariate logistic regression analysis was used to analyze factors that affected completeness (e.g., sex, age, institution type, and nationality).
Introduction
Tuberculosis (TB) remains the highest public health priority in the Republic of Korea. In 2014, Korean surveillance detected 34,869 new cases (68.7/100,000 population) and 5,069 relapse cases (10.0/100,000 population) [1] , as well as 2305 TB-related deaths (4.5/ 100,000 population) [2] . Since 2011, the Republic of Korea has enhanced its National Tuberculosis Control Program with a goal of reducing the incidence of TB to < 50/100,000 population by 2020. To achieve this goal, a 3-fold increase in TB management expenditures has been used to support various programs through a PublicePrivate Mix (PPM), which is anticipated to increase the completeness of TB notifications. PPM nurses assumed full charge of TB patients, performing thorough patient management tasks such as reporting TB patients, case investigations, consultations, nonadherence patient management, hospital order for nonadherence patients. In this context, complete notification regarding TB cases is critical to initiating appropriate public control measures (e.g., contact investigation) and case management (e.g., directly observed therapy).
According to the World Health Organization's 2015 Global Tuberculosis Report, the Korean incidence of TB in 2014 was 86/100,000 population [3] . This rate includes officially notified new and relapse cases (78.7/ 100,000 population), as well as an estimate of nonnotified TB cases. Therefore, studies regarding the completeness of TB notification in Korea are needed to obtain an accurate estimate of the incidence of TB. However, only a few studies have evaluated the completeness of TB notifications in the Republic of Korea, and these studies found relatively low estimates of 68.1% in 2006 [4] and 57.1% in 2008 [5] . Moreover, the findings of these studies were limited by their use of a physician-completed sampling survey or analyses of data from a single year.
In the Republic of Korea, physicians originally reported cases of TB using a paper format, according to the Act on Tuberculosis Prevention Article 8 (notification obligations of healthcare providers) and the Enforcement Regulation of TB Prevention Act. This notification is mandatory when a physician diagnoses or treats a patient with confirmed or suspected TB, or when a physician or other medical personnel perform a postmortem examination for a confirmed or suspected case of TB. A webbased notification system was implemented in 2000, which allows physicians to notify the Korean National Tuberculosis Surveillance System (KNTSS) regarding cases of TB. In addition, treatment reimbursement for cases of TB is documented in the Tuberculosis Registry of the National Health Insurance (NHI) program. Therefore, the present study aimed to evaluate the completeness of the web-based notification system using the 2012e2014 data from the NHI database.
Materials and methods
The completeness of the TB notification system in the Republic of Korea was evaluated for 2012e2014, by matching KNTSS notifications with claims data from the NHI database. The present study included all patients who were diagnosed with TB, based on the Tuberculosis Prevention Act and the National Tuberculosis Management Guidelines for the Republic of Korea. The exclusion criteria were duplicated data and data from public health centers, which do not receive treatment reimbursement from the NHI. All data were anonymized prior to the analyses.
Healthcare facilities in the Republic of Korea
In the Republic of Korea, almost all TB cases are diagnosed and treated in private medical institutions, which can be categorized as general hospitals, hospitals, and clinics. Clinics typically provide medical treatment to outpatients, hospitals typically have > 30 beds and provide medical treatment to inpatients, and general hospitals typically have >100 beds and provide medical treatment to inpatients. In 2014, 91.4% of all TB notifications were from private medical institutions (general hospital, 78.9%; hospital, 9.5%; clinic, 3.0%), and only 8.6% of all notifications were from public health centers.
NHI TB registry
The Republic of Korea's NHI covers 99.9% of the general population (approximately 50 million people), which includes the 3.6% of the population who receive Medical Aid (approximately 1.8 million people) [6] . Since April 2011, the NHI has provided additional reimbursement to enhance TB treatment access, which now covers 95% of the related medical costs (5% are paid out of pocket). However, to receive reimbursement, physicians must register TB cases with the NHI system. The present study evaluated 2,161,967 registered cases of newly diagnosed TB that were treated between 2012 and 2014. The NHI data include the patients' personal information [demographic characteristics and Resident Registration Number (RRN)], date of started treatment, and amount of reimbursement.
Korean National Tuberculosis Surveillance System
The KNTSS web-based notification system was launched in August 2000 to notify the Korea Centers for Disease Control and Prevention of individual TB cases. Thus, the KNTSS receives notifications regarding most patients who are diagnosed with or treated for TB in private medical facilities. The notification data include the patients' personal information (demographic characteristics and RRN), examination results, treatments, and treatment outcomes. The present study evaluated 215,055 notifications within a 5-year period (2011e2015).
Notification completeness
The present study assumed that the vast majority of TB cases would be registered with the NHI, as most TB Tuberculosis surveillance adherence in Koreacases are diagnosed or treated in private medical institutions. Thus, the TB notification completeness was calculated as the number of notified cases (KNTSS data, 2011e2015) divided by the number of newly registered TB cases (NHI data, 2012e2014), which were matched using the patients' RRNs. The wider time frame for the KNTSS data was used because physicians and other medical personnel occasionally delay the notification to the KNTSS database.
Notification timeliness
Notification timeliness was defined as the difference between the date of starting treatment (NHI data) and the date of the KNTSS notification. The differences were categorized as < 7, < 30, < 60, < 90, < 180, and < 365 days. We also calculated the proportions of the notified cases for each lag period by dividing the number of notifications by the total number of notified cases for each period.
Statistical analysis
Multivariate logistic regression analyses were performed to analyze the factors that affected TB notification completeness. Factors were selected using a stepwise approach, and odds ratios were calculated after adjusting for sex, age group, institution type, and patient nationality. All analyses were performed using the SAS software (version 9.4), and differences with a p value of < 0.05 were considered statistically significant. Figure 1 shows the study flowchart based on the 2012e2014 NHI data, and the calculations for notification completeness. Among the 2,161,967 TB cases that received NHI reimbursement, we found 2,058,892 claims for ! 2 rounds of treatment using the patients' RRNs. To evaluate data for each patient's first treatment only, we excluded the records for later claims and only analyzed data from 103,075 first-claim treatment records. These first-claim records included 36,775 cases of TB in 2012, 33,803 cases of TB in 2013, and 32,497 cases of TB in 2014. We evaluated notification completeness by comparing the number of KNTSS notifications with a < 365-day lag to the corresponding number of NHI claims for each year. These analyses revealed notification completeness values of 90.0% in 2012 (33,094/36,775), 93.0% in 2013 (31,445/33,803), and 94.0% in 2014 (30,537/32,497). Table 1 shows the results from the TB notification timeliness analyses according to the various lag periods. Table 2 shows the completeness analyses results according to sex, age group, institution type, nationality, and change in completeness over time. The completeness values increased during the study period for most subgroups, with the exception of clinics, which exhibited a minor decrease during the study period. All sex and age groups exhibited TB notification completeness of ! 90% after 2013. The TB notification completeness for foreigners was lower than that for native Koreans, and the increase for foreigners (3.5%) was slightly smaller than that for native Koreans (4.0%). Table 3 shows
Results
In the present study, we considered the potential effects of reporting lag in our comparisons of the NHI and KNTSS data, by considering KNTSS notifications that were received within 365 days after the corresponding NHI claim. However, when we included all notifications (regardless of lag), the TB notification completeness values increased to 91 
Discussion
In the present study, the proportions of TB notifications within 7 days were 81.6% in 2012 (27,323/33,489), 79.8% in 2013 (25,469/31,905), and 80.4% in 2014 (24,891/30,978). However, the notification completeness values for newly diagnosed cases were 90.0% in 2012, 93.0% in 2013, and 94.0% in 2014. These findings indicate that the current notification completeness in the Republic of Korea is higher than the values from previous studies (68.1% in 2006 and 57.1% in 2008) [4, 5] . Furthermore, these findings indicate that the current completeness and timeliness values for TB notification in the Republic of Korea are comparable to those from other countries. Lo et al [7] used NHI data to analyze timeliness of TB reporting in Taiwan, and found that [8] evaluated American data from laboratory logbooks, death certificates, hospital discharge records, Medicaid databases, and pharmacy databases in seven states during 1993e1994, and found that the rate of timely reporting (< 7 days) ranged from 47% to 95% in their state-, city-, and source-specific analyses. Moreover, TB notification completeness was 99.5% in that study. Trepka et al [9] evaluated TB notification completeness in Wisconsin, and found that the 1995 rates were 98.9% using laboratory data and 98.0% using hospital discharge data. Driver et al [10] also found that TB notification completeness for Puerto Rico was 80.5% in 1992, using data from hospital discharge records, pharmacy listings for anti-TB medications, and laboratory and Acquired Immunodeficiency Syndrome registry databases.
We also compared the annual reimbursement claims from the NHI report [11] with TB notification data (newly diagnosed and relapsed cases) [1] in the Republic of Korea over the past decade (2004e2014; Figure 2 ). A gradual decrease was observed in the annual number of reimbursement claims based on TBrelated International Classification of Diseases (ICD)-10 codes (A15eA19), although the overall TB notification completeness remained stable. However, given that NHI claims data may have multiple claims during the same year (using codes A15eA19), and that not all cases necessarily involve patients with TB, it is difficult to interpret the absolute value of this comparison. In contrast, the present study revealed a gradual decrease in TB notifications, from 36,775 in 2012 to 32,497 in 2014, and the parallel decreases in the NHI and KNTSS data suggest that the incidence of TB is gradually decreasing in the Republic of Korea. The reliability of this finding is supported by the high completeness of the TB notification data, and the 4.0% increase in completeness from 2012 to 2014 suggests that the recent improvements in the National Tuberculosis Control Program have been effective. These effects may be related to improvements in the rate of individuals with TB symptoms seeking medical attention, and improvements in KNTSS notifications from general hospitals, hospitals, and clinics. Moreover, the present study only evaluated medical institutions, and it is possible that the completeness rates are underestimated, as a small proportion of TB cases are diagnosed and treated in public health centers. As patients diagnosed and treated in public health centers are all reported, the TB notification completeness in the Republic of Korea for 2014 may be considered to be higher than 94.0%. The multivariate analyses revealed that TB notification completeness is affected by the type of medical institution, as we observed adjusted odds ratios of 4.18 for general hospitals and 1.82 for hospitals, compared to clinics. In addition, we observed institution-specific changes in completeness, with general hospitals exhibiting an increase of 4.3%, hospitals exhibiting an increase of 2.6%, and clinics exhibiting a change of À2.1%. These findings are consistent with the findings of Lo et al [7] , who reported that TB notification completeness was lower in Taiwanese clinics, compared to Taiwanese hospitals. Although hospitals and clinics accounted for a relatively small proportion of the present study's sample (11,983/103,075; 11.6%), additional efforts may need to target these centers if they are to achieve a TB notification completeness of > 94%. Furthermore, the present study revealed that high TB notification completeness was associated with older age groups, native Korean status, and general hospitals; these findings are also similar to the findings of Lo et al [7] .
The present study has several limitations that warrant consideration. First, only a small proportion of NHI data variables were used, which made it impossible to analyze the variables according to the type of TB, bacteriological test results, and socioeconomic status. Second, a > 7-day delay in reporting was observed in approximately 20% of the cases, which highlights the need for more specific analysis. Third, we only considered the timeliness and completeness of notifications for the first diagnosis and treatment.
The present study revealed that TB notification completeness values in the Republic of Korea increased by 4.0% during the study period, from 90.0% in 2012 to 94.0% in 2014. Furthermore, the type of medical institution and patient nationality appeared to have the greatest effect on notification completeness.
